piperidazine-3-carboxylic acid 4, the enantiomeric forms of which have been encountered in numerous pharmacologically active molecules, such as the monamycin 8) and azinothricin 9) families. The details of the synthesis of 3 are described here.
In the initial stage, we examined the construction of the 3-substituted pyridazine rings by the application of the reported methods 10, 11) of the hetero-D-A reaction, as illustrated in Chart 1. Thus the hetero-D-A reaction of 1-methoxy-1,3-butadiene 5a with dialkyl azodicarboxylates 6a-c was carried out in dichloromethane (CH 2 Cl 2 ) at room temperature to produce the cycloadducts of 3-methoxy-1,2,3,6-tetrahydropyridazine derivatives 7a-c in nearly quantitative yields. Conversion of the methoxyl group of the cycloadducts 7a-c into a phosphonyl group was conducted smoothly in CH 2 Cl 2 at room temperature by treatment of 7a-c with trimethyl phosphite in the presence of trimethylsilyl triflate (TMSOTf) or boron trifluoride etherate (BF 3 · OEt 2 ) as a Lewis acid to afford the corresponding methyl 1,2,3,6-tetrahydropyridazine-3-phosphonates 8a-c in good yields. The results are summarized in Table 1 . Despite these satisfactory results, a similar hetero-D-A reaction using trimethylsilyloxybutadiene 5b or acetoxybutadiene 5c was not quite as straightforward as expected. These cycloadducts are very unstable. Therefore our attention was directed toward a one-pot reaction including the hetero-D-A reaction and subsequent phosphonylation. After some trials, the one-pot reaction progressed well by slowly adding a Lewis acid to the CH 2 Cl 2 solution of three components (diene 5, dienophile 6, and trimethyl phospite) and gave 8a in satisfactory yields (Table  1) , except for the case of acetoxybutadiene 5c, in which the reaction became complicated. In comparison with the twostep method, this one-pot method appears to be advantageous in terms of reaction efficiency, particularly for the unstable cycloadducts from the hetero-D-A reaction.
Next, catalytic hydrogenation of tetrahydropyridazines 8a and 8c, which have tert-butoxycarbonyl (Boc) and trichloroethoxycarbonyl (Troc) groups, using Pd on charcoal in methanol gave the saturated compounds 9a and 9b in 89% and 40% yield, respectively, although the reduction of the Troc group ocurred in the latter. Finally, N-Boc derivative 9a was hydrolyzed in boiling 6 N HCl and then treated with propylene oxide 12) in methanol to obtain the salt-free product to give piperidazine-3-phosphonic acid 3 in 62% yield (Chart 2), the structure of which was supported by the analytical and spectral data.
Thus the synthesis of piperidazine-3-phosphonic acid has been accomplished. The present method is simple and will be applicable to the synthesis of a variety of 6-membered cyclic a-hydrazinophosphonic acids.
Experimental
All melting points were determined on a Yanagimoto micro melting point apparatus and are uncorrected. NMR spectra were obtained on a JEOL JNM-GSX-400 spectrometer using tetramethylsilane (TMS, d 0 ppm) or dioxane (d 3.70 ppm for 1 H-NMR and d 67.4 ppm for 13 C-NMR) as an internal standard. IR spectra were recorded on a Horiba FT-720 spectrophotometer. MS and HR-MS were obtained on a JEOL JMS-SX102A spectrometer. Column chromatography was carried out on silica gel (Kieselgel 60, 70-230 mesh, Merck). Dialkyl azodicarboxylates and 1-substituted 1,3-butadienes were purchased from commercial sources.
Di-tert-butyl 3-Methoxy-1,2,3,6-tetrahydropyridazine-1,2-dicarboxylate (7a) A solution of di-tert-butyl azodicarboxylate 6a (690 mg, 3 mmol) in CH 2 Cl 2 (3 ml) was stirred under cooling at 0°C. 1-Methoxy-1,3-butadiene 5a (0.33 ml, 3.3 mmol) was added to the solution. The reaction mixture was allowed to warm to room temperature, and stirring was continued for 2 h. The reaction solution was evaporated in vacuo to leave a residue, which was purified by column chromatography (CHCl 3 ) to give 7a in 99% yield. Colorless oil. 1 Bis(2,2,2-trichloroethyl) 3-Methoxy-1,2,3,6-tetrahydropyridazine-1,2 3-Methoxy-1,2,3,6-tetrahydropyridazine-1,2- Posphonylation of 7, General Procedure A solution of 7a-d (10 mmol) in CH 2 Cl 2 (50 ml) was treated with trimethyl phosphite (3.10 g, 25 mmol) and TMSOTf or BF 3 · Et 2 O (15 mmol) at 0°C. After 15 min the solution was allowed to warm to room temperature and was stirred for a further 12 h. A saturated aqueous NaHCO 3 (150 ml) was added to the reaction mixture under ice-cooling. After the mixture was vigorously stirred for 10 min, it was extracted with AcOEt (250 mlϫ2), which was washed with water, dried over anhydrous Na 2 SO 4 , and concentrated in vacuo. The residue was subjected to column chromatography to give 8a-c. Yields of 8a-c are summarized in Table 1 .
Di-tert-butyl 3-Dimethylphosphono-1,2,3,6-tetrahydropyridazine-1,2-dicarboxylate (8a) Colorless prisms (hexane), mp 65-65.5°C. 1 
